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ABSTRACT 

This discussion of dyslexia addresses/4te popular 
view that reading disability in children with dyslexif'a/ is caused by 
dysfunction in visual processing. Several visual deM&t theories are 
presented and challenged, in addition, evidence forZ^nd againist 
specific hypotheses is reviewed and evidence is pr/sented that 
supports the likelihood that reading disability 'i/caused eitaer by 
deficiencies in one or more aspects of linguistic functioning' or by a 
specific disorder in visual/verbal integration. /(*J) 
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Developmental iiyslexla, or spelific i«eadlng disability,^ as It Is also 
called. Is a puzzling disorder of childhood characterized by severe ' 
Inpalrment in the decoding of printed words. This disorder has been found 
to occur, in spjte of gjeneral capability in children who are normal in 
othpr resp'ects. Such ytningsters, /by definltiony support no intellectual ' . 
deficits, sensory acuity problems,' levere brain damage, gross physical 
disabilities, or serious emotional and social disorders, and their 
achievement difficxalties have nat-ds^;ensi^ly been hampered ^)y cultural 

socio-economic disadvantage, and/or Inadequate exposure to the material 
to be" learned (Rablnpvitcii, i959).-^ 

This paper will addres^ the popular viev that reading , disability in 
children of -this description l^^used by dysfunction in visual processing. 
Several variations" of thi^ conceptualization wHl be presented arid challenged. 
Evidence for and against , specific hypotheses will be reviewed and our ' 
discussion will 'provide some support for the. likelihood that reading ^ 
disability is caused, either by deficiencies in 'one or more aspects of 
lixiguijti9 functioning or by specific d^rder in visual-verbal lntegra,tlon. 
Visual Deficit Theo^i^s J ' , " ' . \ - ^ - 

Developmental, dyslexia has been most o^en attrlb\ited to dysfunction 
in Visual perception,, and by extension visual memory. This point of view^ 
has been the dominant theme in the stuiiy of reafling problems in yoitog 
children s:J.nce before the turn of the century when If."' Pfingle Morgan (I896) 

Initially described specific reading disability in an ■othe;cwise norm'ali 

\^ • . . ■ ■ , ■ , < .- 
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adolescent. Morgan believed that the disbrder vas caused by structural • 
damage tp the "visual 'memory center>" a. position similelr to tiSe one held '*« 

by his cqn^emporary HELnshlewood (1900). / V ' 

^ ' *"■•-/ • * ' 

However, the most influential 'proponent of tl^e perceptu^ deficit 

eoqplaaiation o'f dyslexia was Orton (1937), iMho suggested^haJidreaCding 

disability (or as he^ teimed it "strephpsymbolia") 'caused '.by visual- 

spatial confusion stemming from delayed lateral\dcininance-. for 'language. 

Perceptual distijrbancjeJwJs said to be especially ejrideiit in tliglrorm of 

apparent distortions i^ perceiving similar appearing letters and words , 

„ (^seeing" b as d or was for saw), as well di in oriei^tion and sequencing 

errors sometimes observed in the writing of dyslexics (Mirror writing"). 

Orton believed that such anomalies occurred because of the failure to 

^ ■■■^ ' " ' ', ^ . ; 

• suppress one o^ two symmetrical ".engrams;" ^stored in each of the hemispheres, 

owing to the inability to establish heoii spheric dominance. He considered 

such errors to be of cardinal liitportance in establishing a dijgignosis of 

dyslexia, and suggested that they wbjild )becGme manifest only the ( 

processing of symbolize stimuli such as/ letters and words • 

Several variants of Ortcn's theory appeared s\ibsequj6ntly, most to 

^ / ■ ■ • ■* ■ ■. ' " 

some ext^t influenced by h^ writings. For exanqjley Bender (1956) ^. 
suggested that specific reading disability "Was the result of dist\irbances 
in visual form percej^ion and figure-ground abstraqtion, associated with 
■ a n^ui«ological maturational la^. Drew (1956) ad^ted a similar position. 

" : . ' ' • ' / • ' 

'Hfennann (1959) attributed dyslexia to a congenital disposition toward 
spatial confusion, and apwtrently^believed that one's "sense of direction" 
was an inborn entity sxm/o^ed,by specific neua^elogical mechanisms rather 
than a lekmed phenomenon detemined by relative coordinates. He also 
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that direct! onaf confuision would te aanifested, not only in IJae 
poor readerjis at\tempts to procesa^linguistic symbols,, but ^Iso^n 
processing Bymboiic material of any descripticj^, such as ntSnteinW and 
musical notations* ^ 

A number of authors (e.g., Kephart, I96O; lifuickshank, 1968; J?:oBti^* 
and Maslow, 19730 have associated reading problems with perceptual 
deficits more basically catised by motor disability leading to deficient ^ 
"percep'ttialTinotor'* integration. And tfcmd^Getman, I962; AnapoUej^^S?) 

. • ' ; \ ' / ■ ^ " ... 

suggest that ^ perceptual impairments are caused by struct\iral aisbrder of 
' th^.eyes. , ■ • ■ . ^ ' ^ ■ ■ ■ 

Special mentioa nii^ht also be giyetti ,to Birch's (I962) sti^^ticni 
that dyslexia, in some childrenj,, may be the 'result of the failure of 
the visual system to hecpme th^ ddmlnarit modality. This authSr pointed out 
that, during the course of normal development, the teleoreceptor systems 
cone to si5)ercede the proprioceptive systems, which in large meieure 
V Structure attentional processes in infants and very young children. Thus 
it yns hypothesized that such j&evelopment may not take^ place in some poor 
readers, therebyr causing .attentional and figure-ground difficulties in 
processing visual stij^tol^y^irch^ also proposed that spme poor'* 
readers might be hampered by a spWific deficit in learning visual part- 
whole relationships, although the nature of this disorder was not made 
explicit. ^ . 

Tw6 mor# recent versions of the perceptual deficit explanation of 
reading disability are also worthy of mention. ^Stanley and Hall (1973) 
suggest that dyslexics may be subject to difficulties in foim perception" 
and QthejJ. visual distortioixs because of abnormally persistent after images 
the duration of the afteif image in nornial individuals being q|nywhere between 




pb and 300 milliseconds. These authors have presented evidence which 
sii^gestb that the duration of. the visual memory trace in poor readerk^s 
approklUu^ 50 milliseconds longep thon^ that of normal readers and this, 
they ^s^ebulate, may intler^^^ withvand 'hnask^ inccsning stimuli. ^ 

PlnAlly^ Mason (1975) theorized that poor readers, while most likely 
intact wltbh respect to form perception and spatial orientation, have 
<^i*^ulty in X'perc^iving" the spatial locations and spatial rediindancies 
of letter^ i^i^ords. Redoindanoy, in the occurrence and location of given 
letters, ik characteristic of all orthographies based on an alphabet, 
and pxe prdsumptiqn is that poor readers literally do not "perceive" such 
redundismcy.l Interestingly, enough, this^ hypothesis is extended to 
" non^phabetic symbols as well, and the author stiggests that percesption 
of givra shates (such as letters), and percei)tion of the recifrrent 
appearahce oft those Bha?p^^^^/^y be . mediated by different bral|i regtbns 
^(Mason and Kat2^^fr6, p. 3U7). 

^he abov^ theories, while somewhat disparate, share the same central 
theme ^ that is, "^hat poor readers are' deficient in processing visual 
information, especially information ,of a symbolic nature. However, in my 
-qpinion, perceptual deficiency is an unlikely source of specific reading 
disability, at least insofar as such deficiency is conceptualized as the 
result of a basic organic disorder causing disruption or distortion of the 

distal stimulus. This sterns to be true on logical as well as on theoretical 

^ ■ ' ». . , 
and enipirical grounds. Let me be more specific. 

First, as pointed out earlier by Benton (I962), if, indeed ^or 

readers were subject to the^irlnus Yli-Tun1_itnoinalles tha t Orton an d others 

have suggested characterize this group — that is, optical reversibility 
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spatiaX/corrf^isionf* figure -groxind dysfunct'ion and the like — then such 
disorders shoxild be apparertt in many other functions in dally living. 
Yet there is. no e\ridence that this is true. Moreover,- trie suggestion made 
by Orton (1937), that perceptusil distdrtions shotild occur only in processing 
symbolic material such as jirinted letters an4 words seems^ counterintuitive, 
particularly since there axe more, parsimonious explanations of such . . ^ 
disorder. For example, I will^resent restilts below which indicate that the 
letter orientation and sequencing errors scMnetimes obseirved in poor readers, . 
and long thought to constitute ccmpeHing evidence for inferred perfceptu^ 
deficits in such children, are not primary manifestations of spatial and 
directional confusion, as suggested by Ort on and others, but are in fact 
linguistic intrusion errors caused by dysfunction* In verbal mediation. 

Secondly, I quite frankly doubt the contention that poor readers are 
spatiaj^ly^d directionalOy^ confused, as a repult of some coijgenital or 
de^lopmental disorder of basic 'constitutional "origin. ' This view carries 
with it the assumption that "directional sense" is an absdlute function 
that is determined by neural mechanisms especially designed for 



prqgramming direction and orientation. This seems to me to be at variance 
•'^ ■ % , . • 

■ . ^ ft: 

with parsimony. ^ liideeci, it would apj>'ear that orientation in either two or 

three dimensional space is a relative rather than an absolute function 

tjiat emerges largely be^jause of relationships that are acqilired, and not 

because of^^i inborn "sense of direction." We program proper 

orientation and direction by storing information that Jtotaposes specific 

environmental and/or represent at iojial coordinates, most of which ara quite 

Wbitrary in nature. Thus -written English is processed from left to right, 

' / 



While Hebrew €Uid Arabic are processed i'roni r lg li l L o left, ~i>ut-^ 

d^ctionality in such instances^ is learned, not innate as Implied in 



: spatial deficit theories ^of reading disabUit^ . V , 

Thiird, rather^than suggest that the poor reader's inacciiracy in ' 
discriminating letters and vjgrds is attribti^able -ftb organically derived 
malfunction in perception, I think it would be more accurate €o suggest 
that visual cTiscrimination problems are secondary manifestations of more 
basic dysfunction in coding the '"linguistic coaiiponents of printed vords, 
nhich in turn, leads to infefficiency in attending selectively to information 
that will facilitate critical distinctions, ^To be more specif i<^, the 
afistnnptfon is made tl;iat the linguistic features conta^-ned in printed 
vords c6nstitute implicit "cues" or mnemonics which both assist and 
monitor the discrimination process. Thus, the child who is sensitized to 
the sound and articulatory dilxerences in similar appearing letters and 
vords (e.g.,. b d, was , saw, not, ton) ,1 and, in the case t>f the words, knows 
something about their meanings iAd uses in^ sentences, has a considerable 
amount of (verbal) information that aids him in programming the cori^ect 
orientations and sequences characteristic of those configurations ^ On the 
other l^and, the child who has difficulty, either in acqjilrdng, or accessing 
such linguistic detail, will also have diffictity in becoming ^sensitized to 
subtle differences in the appearp.T^ce and structure of letters And words, 

and will therefore be inclined to process their featural characteristics 

^ * ■ ■ ' ■ \ 

globally and inefficiently. Thus^ he will be chronically disposed toward 
making thdfjeind of positional and sequential errors that prompt the 
suspicion that he stqpports organic disorder resxilting in -perceptual 
deficiencies of the types Variooisly proposed in the literature. 

The„ above brings me to a final point I wish to majce, in contention. 

', ■ ■ * 

with the perceptual deficit explanations, of specific" reading disability. 



In my est^^ation, reading (Uff^ultiea!' ju^^^ 

defici^cies or djgunction ik one;oi?,it^^ 
, 'or peirtiaps.with a-^Qific ^b^t^CT ^ y0i^^ 

twp possibilities' not being mu^usio^ I am inclined to agree-;^^ 

those T#ho suggest' that reading is basip^l^r^^^U^ (Goodinvx, „ 

^1965; anith, 1971; Mattingly, J^72:^I^^ 

/ believe that d careful analysi^ Qf ^W process: v 
taxes ^he visual and linguistic systms unequ Foi- one things this ' 

fanction requires only discriminatibn and rec the visual 

canponents of words, but recall oir reproduction ^of their verbal components- . 
recall by definition, involving the rebolleetion of more detailed infomaticft^" 
than .recognil^on^ (Underwpod, 1972). In other words th^ problem ^.es in' , r; ' 
verbal memory not in visual memory,, since 1^ reading, the visua|^ systeij i$>. 
not required to do a great deal of remembering. Concretely, thCvdifficulty ^ 
»expek«iced by poorS:eaders is not in distinguish^ the vlsu^ features of 
■ b as opposed to d, but in remembering which one is called '"bee", and whi^ 
is called "dee." . > . y/ 

We can reinforce the point made above by underscoring the fact that. v. 
word decoding, involves the processing of ,iiiuch*moi'e verbal, visual 
infomation, given that each printed word contains three ffetural categories 
that have reference to its linguistic properties ^semantic, syntactic, and 
phonologic;} and only two that have reference to its visual characteristics 
(grai)hic and orthographic), furthermore the Tedundont and invariant nature 
of English orthography actually^ allowsNfbr considerable econdny in processing 
-the visual features of printed'^word^, in that ccSS^iA letter .combinations 
occur with high frequency in predixitable spatial locations (e.g., ^u, tion, • 
lag). ^ T he normal read er soon rearns to '^capitaU2e^on_thls^spect of 




- ■ ^..^^:•-:^:^::x^■■■■.v;;:\;;,■;;V.^ 



• , (printed) ••feigllsh in the interest of percs^ptttai emciency ^- (jlqsiris)^^^^ >^;y;ir 

• j;:jW^i€*;.,'ig72)^.: acwefver,:. .tiig^^ii^ Wff ■di^c^^: 

•■ ■ ■^?eaidia3f^v^>«^<?'»ft^aw^ of ortlK>g3M.i)hic reduada4it!y,i-«ttdV't^^ 
:::.i»9^clt^. t«^e^ PJ*cesii;-eitJier -t<>d -^^^ 

: • rather than attend, sel'efctiteiy, .to rtiationsship?' ^i^LS^j^SSeat/ '^'X a' 

•ibrltical discriminations . Thus, it wwild se«n thkt reading is ^speqiilbiy ^''f/ 
TiiMieJ^ir to deficiencies^ in one 6r mbi^ a^i^^ 

J, Verbal caarppnenti It is ^Oso likely, that d^^ in suqli leAjc^to^^^ 

iiouid event\^te in- thh failitre to develop efficient strategies for . 1 ■ V-T^^/ 
processing the graphi^and^orthograpiiic dcniponetjts of ^printed wbrds, , .' ^i^. 
thereby creating the impression that vistiai discrimination errors are t^e j^f ; i • 
resjtlt of perc€4)ttiELL; disorder in the„ sense *in whiclLthis teim is typicaliy '-'^ 
employed. ; ' ' • ■ V ■.. :■ ' "/■: '-\ -: 

. - SuR)ort for ike position taJkeri al^ 

; Direct siqjport comes from siaidies rwfaidh yielded no differences between pqof 
and normal' readeurs on measures of visual processing whm^ t^ 
eroap di^erences in verbal ability have been conttolled. Indirect support 
comesVftrom recent studies tha^ hav? reliably demonstrated reader ^oup 
differences in various aspects of linguistic functioning <Vellutino, 1977;, ' 
Vellutino, in Press), however, the remainder of this paper will; be 
primarily concerned with the results of studies evaluating visual ^ 
deficit theories of reading disability.- I will initially rMew and 
critique research evidence that has been offered in support of such ' 
theories and, then review ar number of studies issuing ffcm our own 
laboratory, the results of which cpnsti-ttite tljie primary basis for our 
position.' ^ ■ 
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vs^/i?^-;rA}i:- ■7'-y/>-- ■ . . . .... .. .... .... 

' ■ j'i^'f/ ■ L'j . 'Bitaitittreh Eyl'd,enoe ' 4 LI''-: .:;•:'.-> 

• • ' ■''■'f>*'^''^fH\m^ t>wieedtu?,es most often, etrployed to evaluate t't'^^b^tVaiiiXf. 




Reinforced 



ii/^ib readijs<S^,#f^ic«lties 1^ aafloelat^.-Witi perceptttal disorder are, 
lijte'.if^^ the vlsualHnateMng- testa. This is true withv^ 

*eitpeict ;*0; bpthVlini'cal^pw^^ and laboratory research. The ^ vide 
spread use of figOre^dirwing : tests for thi« purpose is an outgrowtii :Qf . 
the develpiaBental (j^tudies conducted ySome tlioie^igo-^ S<^mlder (19M»)v 
Gesell (.1952) mM^er (19$6,' 

by advocates of nw>tor defl bit thefcwries of ^learning disability Ccij 
Kephart, 1960; Cruidtshank, X972; Prostig^ and Maslow, 1973)r.~>.^e4inplicit 
a^surnptlwi a^^p^^^^ the use vpf -such that.^deficien1i; visual 

piptor Integration is indiciatiTe -of^ficient neuiro maturaticmj 
lAdeh 4j^flmctiOT:^ln^;^^^^ organization and ^orm perception" can be 

inferred.- 

. l!he visual -mat.ehing test is, of course, -a face: vajlid meiwurfe 6^ 
foim percepticm, reqpiidng only .that the child separate a iiarget rliii^LLu^ 
from severSL distract ors- a&d aa^^^ it with a standard* . r - 

Ui^ractor items typically appear In a hori2cmtal?ejrl^ 
side of the stimulus and are most often -preseaited, wittf t^ in 
fuU view,. \t would therefore seem to be a straightforward appjfokc^ to"^ 
the assessment of percq>t^al^^a^ ^ 

A nuniber of studies have, •in fact, reported significant d^iffererice^ 
betwe^' P9or anS^noifeal rfeaders on' tests of visual-aiotor integration ahdi • 
Shape matching (e^g.. Smithy 1928;. Coins, 1958r ^Ivej- aiid Hagiri, I96O; 
Lofven, Shapl^:^^^^^^^ I96U; Lovell, Gray and Oliver, X9Sk); and ; 

still others have found moderately high correlations between scores on . 
these respective measures^ aAoinistered to^kindergartnA^, and scores on 




iilH^ hav^:;der^^ «jeir p^t^ry support" fjrcii i^ : 
haye enplojned tlie fagure-dravliiig ijia matching tests afe fiieasurek of form 
peifceptloa, ^ince these instniiients can, at best, yield '.equivocal results 
.;i*en us^ for tMs purpose. ; The figure-drawing t^ course, 
conf (Jonde* t>y individ«^ differences- in motor development, conceptual 
abil±tyj and experience, mention the possibility that the copying 

Of figures ts A specialized slcill or t«p.ent ;thit,is characterized by a vide 
range or Ip^yidual diff^rehces. It cannot -thferef ore be viewed as a 



tests as measures of perceptual fiincitionihg is debatable. T^dfttion 
notwithstanding, there is no coaipeiiing reason to'l)e3ieve that, mo'^-' ' ^ 
deficiencies, or dysfunction in visual-motor integration-ilia's any influence ■ 
Tihatsoever on visual discriminati<s^ and visual form perception. Indeed, " ^ 
\ logic would ^ve . if otherwise. As pointed -out in Gibson and Levin (1975) , 
thei* are many children afflict^ with oven very severe motor disabilities 
irtxobecane q^iite lit^riate in spite of such handicaps, children with * • 
V vdryln|5 degrees of eeire1?ral pal^y b^ipg cai'^ Is the^fore 



ERIC ^ ; ^ - 



doubtful that fig^e-d?:|.wing. tests will tell us aAything about reading • 
.disability.- In fac,t, the results of (studies emplo^hg, sue* mfeasuresr-to' 
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evaluate perceptual deficit explanations of this disorder are not only 
(piesti'onable^ but wi^i most likely p^we to be Httle Tnnroent. 
^ The visual matching test as a measure ^* ^ ^ jn Is also 

, questionable, at least as regards the use „ ^ ^^^^ alternative 
format typically €mplaye4.dn both research and clinicaT study. It irill 

be recalled that such measxii^s usually present the standard stimulus 

''^^ * 

on the left, aJid the distractor and target items on the right: Given that 
^ this procedure requires the systematic comparison of target and several 
alternatives, ve may' reasonably stiggest that successful performance relies 
.mor^ heavily upon cognitive functions such as memory and coding ability, 
than it does i^on basic visual discrimination skills. Success on 
matching tests would also appear to be influenced by e3cper^.ence, 
particularly experience that develops the type of "work habits" that 
may dispose a child to systematic and strategic scanning of the amount of 
visual information included on tests of this sort. Calfee (1977) has 

provided sane evidence in support of this contention. In a series of 

■f ■ * 

related^ studies compai-ing single versus multiple alternative formats for 
visual matching, it was found that the single alternative procedure reduces 
the error rate to negligible proportions, even in very yotmg (kindergarten) 
children. Calfee (1977) 'W also demonstrated that on the toore traditional 
matching (multiple distractor) procedure, the probability of error 
increases as the location of the correct match moves farther to the xl^^ht. 
He therefore suggests that the match to standard testa cocimoiily empioy^^l 
to measure visual discrimination (e.g., do reading "readiness" tests), nu*^ 
be (grounded by visual short term memory arxd coding ability, both of wiilci. 
are colled Into plaor when ^he cMld attempt^ to Lo^d the sLanaard iu lulxij 
as he scorches the dlstractors ror the correct laatch. 
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Of additional interest is Calfee^s (1977) observation that measures 
vhich require the visual matching of* letters dnd words, lend an advantage 
>o kindergarten children who <fcJ4-eady haye some degree of skill in reading, 
thereby accountingf f or the^positive correlnt ionR i^^-n,o, tests ' 

of reading ability administered .in first gf-ade, anu perlonr^ :ests of 
^ visual matching administered earlier. On the other hand, this correlation 
was found to be negligible when a single alternative format was used to 
assess visual discrimination' ability, Calfee (1977) concludes from these 
findings that yisvial . discriipination skills accptmt ^ & very small* 
proportion or the variance in reading ability in beginning readers. 

It should be clear fron the above, that the resTilts of^vest-igations 
evaluating form perception in poor readers tlspough the use of "^isvial ^ 
matching procedures can by and large, be challenged giveh that most employed 
the standard format (multiple distr^tdr), which, of course, does not control 

- 0 

for memory, coding strategies, and in scsne instances, experiential factors 
las well. More importantly, the data again en^hnsize the hazard in 
ascribing perceptual deficiencies to children who perform poorly bn visual 
discrimination tasks, since their performance may be more accura-feely 
ascribed to impairments in higher order cognitive functions, and/or 
experience of the type necessary fopi successful performance on such teuskii. 

The positive findings reporUed in the studies referenced obov^ eu-e 
Also equivocal because of seuupling aiid Interpretive problema. As rcgarao 
the first of these difficulties it wlia be suITlclewt to point ov^t that i., 
all but two of the studies mentioned (Lovell, Shapton aad- Warren, l^d^j 
lovell. Gray axxd Oliver, 1^6h) , there were no adeq^te controi£> X\>r pocs.jn 
confounding due to Soclo-econcAiac ractora. WALh rcSpc^t to the lieownd ^ 

problem, it should be uOted that i>oOi* reaJe^^^ X.. all of th^ae iuvCfitl^. i Av... 



were less profi.cient than normal readers ,on a variety of tasks, both verbal 

and non-verbal, \and not exclusively on measxires of perceptual and 

percept\ial-motoj?T\mctioning. TJiiji. suggests that the subjects evaluated 

vere ^fuucteri^ed by general learning difficulties, rather thaa, specific 

learning disability resulting frar ▼^ei^v^^if*- disorder. 

More directs evidence that v: dysfunction is not a 

significant dbrrelate • of reading disability, is derived fran several better 

controlled studies which f ound ,no significant; differences between poor and' 

normal .readers on tests of visual-motor functioning, and] visiial perception 

(Nielscm and Ringe, I969; Symmes and Rapopdrt, I97/; VeTHitino, Priizek, 

.^tegef* and Meshoulam, 1973; Vellutino, Smith, Steger and Kaman;^ 19751). 
' ^ 
Notewoythy^is the fact that the sampling procedures employed in these 

^investigations were much more stringent than thos6 onployed in the studies 

refer^efd to above. This of co\irse reinforces the suggestion that observed 

- ^ ^ ^ \. . ^ 

group differences on the measures in contention, may have been caused by 

i 

a variety of extrinsic factors, . a likely pQSsibil4.ty in the case of 
heterogeneous, or iU-defiped sacfples. 

While the majority of studies evaluating adequacy of fom perception 
in disabled ^aders have relied upon indirect methods of assessment, such 
as figxxre-drawing and matching tasks, a few Investigations have recently 
atten5)ted to more directly assess -Uxis l\inction, by pomparlng poor and 
nomal readers on measures which e\raiuttte visual dijicrinilnaClon duiln^ ine 
initial stage or vlaual procescilnft, that ia durlii^^ the llrst ml illaeCQi*as 
following termination of stimulus ejcposuxe. Xiils aurailon icpxcuciits the 
approximate longevity of the vlautxl after ima^e. Its brief ejcistouoc^ la 
errect, placing a natural cunstialnt on the oiuount or Lluic available xoi 
visual aiialorslo a^^a synthcslo. Thuci ot^aica wlil QS*,c<i:»c i Initial ^lut^v 



processing in j>oor and normal readers, employed experiiiental methods which 
limit the duration of the after image, thereby i^stiring that visual 
'discrimination was baseji upon direct analysis of -£he stimulus, rather thazr 
coded rcpreisentations of its characteristics. A brief review of a 
representati'd'e sampling 6^ these «?tudles follows. * 

Stanley and Bb3J '0 .e. ■ ^othesis t>.^ ^ readers ' 
ce longer than proficient readers to transfer visual information fron 
^msory to short-term storage. Of particular interest was the duration 
>f^he visual after image or '"memory trace." A protracted memory trace 
could conceivably disrupt f qifm perception by -creating a natural 'Wsk" 
for incoming stimuli. Previous research .(e.g.^ Gummerman and G^ay, 1972) 
Tiad demonstrated that trace duration is greater in children than in adults, 
and this prompted the suggestion that dyslexics may be characterized by 
an abnormally persistent sjensory image, as a consequence of developmental 



immaturity. 

This suggestion wa$ tested employing a tecfinique devised by Erikson 
and Collins (I968). These authors foimd that presentati^ of two halves 
of given figures (e.g^i N and O) in very' close succession (e.g., 20 
milliseconds) creates |Lhe Impression of a ccnposite (nO), because of 
overlapping after ima^s. However, at interstimulus intervals (ISI) or 
sufficiently long duration, the constituents of the composltie are 
perceived separately, X^e XSI at which the rlgure Is no longer seen ai» a 
canposlte therefore becouies a convenient mcaaure or trace duration, ^ 

This procedure was employed wi^h dyalcxlc euid normal rcadera t^^w^^.. ^ 
10 and 12 years, prt=aontln^ subjccka wl^th the word NO, a ..rosa^ ou.di a cic/*o 
s\un>ande4 by a oquarc. iiiuployln^i tne method of a^cenili.tt il^liij, whi^.h 
an absolute J KAdtsemen t piv/ccdure, is^ib Jci-ta wer^ xequlrcd to XixdX^.al^ tli« 
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point at which they perceived the' ^*brealc ^lp" of a riven figytfC^ The 

dependent variable in this study was tjie ISI at >rtiich the two halves of 

^^■Jg^Sfi^ Sfi . t l&rre- appeared to be separated. Subj'ects wtere also asked 

to Identify the figures presented. ^ I*^ Ws found that the mean ISI 

reporting the rffeparation was ^ater in.pdbr than in normal readers. The 

^ \ "... 

poor readers also took longer than: the normal readers to' identify each 

figure. ^ 

In a second phase of thJS^ stx^dy, the^ authors gave the same childrek 
brief presentations (20 milliseconds) of ^single letters for identification, 
followed by a masking stimulus conrprised of a dot matrix. Eii5)loying 20 
millisecond ixJtervals between presentcttions of the target letter ahd the^ 
mask, iX was found that the poor readers required a significantly longer 
ISI between the letter and the mask for (|^rrect identification. The 
authors concluded that both duration of the visual image and rate of ^ 



transfer to short term memory is greater in dyslexics than in normal /; 



readers. They suggested further that a "memory trace of extended duraUon 
nay interfere vi^th subsequent stimulation and thus ^^rception of incoming 
stimuli. 

Toe above results are interesting, but questionable on both 
methodologicaJL and interpretive grounds. . Hie most obvious weakness or 
the study is the use of an absolute Judgement task to evaluate trace 
duration in that It is an indirect and highly subjective meaauic tht.L 
not yield reliable results. It, Is entirely possible, for cA«uujt>lc, LLxt, 
the poor reader)^ lu this study Lad longer ISl's because or a cOni.e. vaLU«. 
response strategar, xather than auy basic deri cieiicles In L^a- e auiatlon. 
In other words poox- readers, wlio, (seiacraJlly speaMng, ma^ Cc ci.aia^Lcrl^,. . 
by greater uncertainty in peiXorraance sitaations than nouucU icadcio, u.ay 



haw/been more hesitcm^^^^hfiui the hoiqpaj^s, in rqp^tJyj vhat-'t'hey saw. 'That 
this is a reasonable inteipretation .is suggested in the finding of no 
^fferences belpireen yfeader groups in two separate studies (Stapiey, 1976; 
Azjaett, 1977) evalxiating trace duration Wd rate .Q^processing, emplt^ying 
a forced choice method, of disc^^naticri, rather ^tftaa^ the abjsolut^ 
v«4udgenent procedxire used by Stanley and Hjali^(l973). 

Purthermore, it is nbt surprising to find, as did Stanley and Hall 
^1973)7 that poor leaders/ take longer ^han niprmal readeffs to ide^^i^y ^ ' 
liters Poor readers^ by definition, are-chfliracterized by uncertainty; 
ih letter and word identification, evori imder optimal sttmulus\onditions. 
Thus, un^ier less than optimitL conditions for exan^pjt^ in very brief, 
vtachistosccpic exposures — poor readers may well be indecisivfe, thereby 
inflating the ISI from trial to trial. Iriyany case the results of the 
Stanley and Hall /(1973) study are equivocal and tjie authors' interpretations 

' \ ' s 'i 

Of their findings iq debatable. / 

• . ' '.7 

The suggestion that pooa^ riders are characterized by dysfunction in 

initial stage processing is father Equivocated by/ the resulttf' of two other 

/ 

studies ^ch haye recently afppeared in the literature. Briefly, Fisher 
and Fwnkfurter (l977) evaltiated trace duration in one group of poor 
readers (age 10 years) and/ two groups of noimal readers, one matched wltti 
the poor readers for a^e^ and ano^er matched for reading ^levei . A 
baci^ward masking paz-tidlgm was employed to evaluate tr^ce duratlui, 



vJjry^ig 



numbers (ti#o, four and /Six) ©f t^per case iettera served a« the 
stimuli. The masltlag stimulus Was a Juiabled gruup of letter fra^cuts^ 
presented imme'&iateiy^ after a ^00 mllllsecund eApo*.urc uf the tortjet 
atljnulus. The dependent measures Included number of I^^ttcrs ^oxiccti^ 
Identified, and their exact spatl^U iocatloas. toubjccto wcic 

} Jo' > > 



-17- . 

voider both mask an<l no masKcbpditioAs.i. ' 

I ■ ) ' 

Poor readers generally performed well as the children in boVh 
J normal reader groups xmder both stimulus conditions. In as much as \the 
masking/ condition diil not^af feet the poor reader^ more adversely thai, the 
normal readers, it was concluded ! that trace dui%,tion is comparable in\ 
'both gro^ffjs. The resuV « . ^ ai^o contr*.- . to the view that reading 
disability^ is associated jdth deficiency in form perception. 

^nally^ -Morrison, Giordani and Nagy (1977) compared initial stage 
processing and sbprt term memory functiorisj ii/deficient and able reader^ 
In sixth grade (ag'e 12 ;Z'ears), employing > variant of the partial report! 
|echnique initially devised by SperJlng (1960). Each subject was presented 
with a circiLtar array of three sets of eight visual forms for brief 
exposures. Stimuli included upper case letters, as well as geometric and 
abstract foims. Each arraj^ was exposed for 150 milliseconds, followed by 
^ a teardrop indicator presented at varying delay intervuls fran 0 to 2000 
milliseconds. The indicator appeared directly under the space in which a 
given fom had been located, and the subject's task was to report the 
particular itei^ that previously occupied that space. It was anticipated 
that a perceptual deficit would be associated with reader group differences 
on presentations between 0 and 3()0 milliseconds, while a memory or 
decoding deficit wou^d be associated with gi-oup differences on pre^icu taLluu** 
above 300 mllllsecoads. Contreu-y to the perccpL^ial deficit ti^v^^^-hc^l^ 
poor readers perrormed txsi. well aa noxiuai readers on expoisurca below juo 
mllllsecondfi buL aot a<i well on exposure^* above thjU5 flkure. it w<4** 
therefore coiAciuaed LhaL poor rcader^s ore charactel^^^d by 4oilcAcii..ii.« 
in AhorL-iem memory and eacoUln^, rather thaia dy niucti la foriii 
pCiL'cep tl oa . 




ERJC 



The reisults of the few studies* available^ evaluating initial stage 
processing in poor normal readers are c^nfj^lcting, and further research 
is obviously needed to claf^' questions that have be6<f^ raised. Howev^, 
ve doubt, on logical grourids,' the suggest.ion- that reading disabiHty^ •^'^ ' 
assorinter? vith dpficicnf ^^t^ tSercep+lo r M^^ed an unusually protracted , 
aftei image, as ^uggestej^ by Stanley ^and- Hall U973)'. Suffice it to say, 
in ST5)port ot our contention, that sue* an anomaly, even if characteristic 
of poor readers, would not likely constitute a serious- impediment to le-tter 
and word* perception, since a child so in^aired, wotild no doubt learn to 
adjust the ainoiu\t of visual information he attempts to process in reading, 
and the ra^ at which he processes such information, so as to insure clear 
vision and reliable perception. 

Furthermore, a trace persistence theory of reading disability^ gr 
for that matter, axry deficit theory which emphasizes deficiency in form 
perception as a basic cause of the disorder, cannot readily accoxuit for the 
majority of word decoding errors made by poor readers^ word substitutions 
(e.g., saying /kitty/ for cat, /was/ for saw, etc.) and phonetic mispronun- 
ciations (saying /shop/ for chop ) being cardinal e^^anrples. such inaccuracies 
would seem to reflect iti5)aired verbal processing rather than deficiencies in 
form perception. We are therefore confident that such theories will ultiiriatei 
be discarded. However, wc roily acknowledge the utility or additional study 
of Initial sta^e processliits In jt>oor and normal r<.ttacxs, ir ^nly to rcov>iiollc 
cu.Xllctin^i results Which h^vc appeared In the literature, since ti.lo 
approach cli^orly penulto « mur^ direct anaJyal^ of the rux,.iatlon uf vi^^^i 
Images than do tiadltlouul uieth^s tliat have been ^uipl^ycd. 

Ato noted t^arllei^ the vlsuaj aeflclt ex^l aiiaLloi* ol xc^.ii.. .ii.,..iii»4 
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has several variants which have been profe^^d. In addition to 
deficiencies in form perception, this disr-r'^pr i,or hpr ; , 

spatlni and dir"-^ ' >^ •r.f.'^^i-.., a« ^eoj. uyj^runctioq in figuye-ground 
jperceytion ,. speed of visual processing , visual' m^mary and perceptiort of - 
spatial location . A brief and selective review of - laboratory studies 
* evaluating these possibilities "follows. 

Perhaps the most ccxnmon theme among perceptual deficit theories of 
reading disability is that dyslexics are characterized by deficiencies in 
processing spatial information (Orton, 1937; Herraaiin, 1959). Such 
difficulty is said to be manifested in "orientation" and "sequencing" 
errors in oral reading and writing, inability to^establish a left-right 
directional set, difficulty in differentiating the two sides of the body, 
and like problems. We have aiready ' raised a number o^" questions aboirt the 
logic behind this theory, b\it can point out, in addition that there are 
very few studies which have directly assessed its validity (Benton, 1962, 
1975). Such studies include tests of left-right discrimination (e.g., 
Barris, 1957; Belmont and Birch, 1965) and evalmtion of positional and 
directional errors in reading and writing (Lyle, I969; Liberman, Shankweiler 
Orlando, Harris and Berti, 1971). A general firviing in these investigations 
was that poor readers had' more dirficulties than nonual readers in a^jplying 
the correct verbal labeis to configurations which dirrereU only with respect 
to their 6po.Lltii proper ti«a. While aon.c authors intcipict such ri^^aings * 
aa. evidence for apatioJ coiU-uoion in poox rcadcri., n<,t oii Uo ao. 

For example Uberman et al. (I97I) f^und that conrxisi^na In 
oriciitation (b/d) and sequenclngS(was/setw) account^a ror only twe..(, .1,, 
percent of the total number of oral reaUJiit^ errors m^de H^Lo coatalul 
a high proport ion of words Ucslgncd to elicit ^.patial lu«v.„ui ool^a . 



In addition, theze nwn types of ^vror^ vrr* rot nighly cor.-- a^eo, as wou^: 
be predicted by the spatial deficit theories of reading disabilil-y. Indeed 
the author suggested that such inac cur aci^ were, in fact, linguistic 
Intrusion errors ^mislabeling) rather than perceptual distort ion|, an">i^ ' 
Interpretation which iriay also apply to observed "differehces b^ween poor 

and normal readers in naming the two' sides of the body (Harris, 1957, 

c 

Belmont euid Birch, I965). 

To continue, a study by Wechsler and Hagin (l961f) evaluated the 
spatial deficit theory of "reading disability in poor and normal readers 
^ in grades one and three . Subjects were. con5)ared on the matching of no^el 
figures shaped like a lamb chop and differing only in ^ori^tation. Reader 
gi^s vere identified by teacher Judgement in fiirst grade, and a group 

test of reading achievement in third grade, but no other description of. 

s 

the sample was provided. The matching test involved a standard and- six 
alternatives, and was axJministered both with the. standard remaining in 
full view, and exposed for brief (3 second) durations. 

The poor readers did not perform as well on this test as the normal 
readers, although the magnitude of growp differences was greater when the 
a^V^ard had to be memorized, m addition, significant correlations were 
found between the matching task and the reading measures, but only foi- 
children in first grade. The authors conclxided that spatial orientation 
ability is an liuportant akiU for "reading readiness" and that yoS^; 
readers axe^ be deficient. In this function. 

I am Inclined to doubt this intexpretaLjoi. or i.iica.= ri..ain(4. 
aeverol reasons. Aside fic^. the fact that achlc vci.ciit orlLcrla 1.. chi . 

study wpre weak, and the nat>u-e of th^ actu^J^ waa nut aopaxenL, Lh. . ' wa 

I 

no documentation of Lhc ia.oL that the ^,001 re^iJct- tejted were ..oUHt.ily 



Characterized by a high incidence of "spatial confusion" errors in reading 
and spelling. In addition, it should ^ apparent^ :^am 'oxjt previous ' 
discussion, that the matching task ecaployed in the study may have 
Inordinately taxed^the visual information processing devices of the 
children in this study, unless they vere sensitized to the need -feo^^^ 
systematically search for and deliberately code subtle differences iii'^ 
similaf appearing figures ~ in thij case differences only in spatial 
orientatiooi* To infer that poor readers, who were hot sensitive to such- 
differences, were "spatially deficient" (when this'^term iiirplies a basic 
neurologic dysfunction or developmental immaturity), is perh^ to have 
violated parsimony, since group differences may have been due to 
experiential rather than constitutional factors. In fact, it is quite 
conceivable that success in reading becones the occasion for awareness 
of the significance of positional and directional constancy, which of 
course would inxply that poor achievement in reading would lii5)ede the 
development of such awaren^se^ These findings therefore afford no 
convincing evidence that disabled readers suffer fron spatial confusion, 

irtilch appears to be also true of other studies offering; support for this 

I 

point of view (Benton, 1962; 1975). Indeed, we will present evidence below 
which substantiates our belief that this hypothesis is invalid. 

That poor readers ma^ be characLeri:6c4 by deri^ienciea in ngu^c 
tsxK^iAud pcrccptioa was cvalviated ia three atuUlcs cuui^ax iues alSabied an i 
noxiiial readers on tesLs of the abUlty I., educe ^liuplc li^^^aea oubeadcd ... 
ciAupicxa viiiual^ <xxM.-tto<a (^livcr aud ria^i^*, i^OOi OocLz^lu^cr, ^Edl^i* and Jba 
1960^ Lv/vell, Gray ana Olivcx\ lyo^). rti.ilc ti.<j: ai^aliiea .cader. i^cruiOic* 



hypothesis in qttMtlon.^ We might point out iftitially that in one bf .these 



investlg^ions ('Silver Hagin; I960), the constitution of the sample was 

quefftioDEiaBle in that .there vt^s no control for such variables as emotional 

\ . " 
dlstvurbance.and socio-cultural differences. Thus reader g^picp disparities 

may have been due l)o.ertrinsip factoids. And irtiile the samples in \the other 

' tvp studies vere better -defined,- theit res\jlts were inconsistent in\that, 

poor readers performed as well as normal readers on some measures bfViffure- 

V\ ■ 

ground perfccption and not as well on others. Thus th6 xeliability of t]^ 
findings is in douObt. >> 
However^ we can also question the results of these studies on ^ 
interpretive grounds. Analogous to a similar point made abWe, it is 
possible that poor readers,^ in part because of protracted failure in 
reading, have not acquired apprcjpriafe "orienting attitudes" that' would 
allow them to process patterned information effectively. It would seem that 
success in abstracting" Embedded figures depends in large measure upon the 
development of an implicit tendency to search fo^- ordering principles, 
and invariant relationships that may facilitate discrimination and 
perceptual organization econanically and efficiently. We refers here to a 
perceptual "at^tude" or disposition that is acquired with experience in 
processing complex visual material (Gibson, I969, 1971) — experience vhlch 
gi-aduAlly Increases oue'fl ability to niter Ijofonuition by dlscavering^'^he 
baacs ua wtdch dls tlutiuia^JLng rclatle»nshlps become salient^ or "n^juie" la 
abfltruct^td awa^r Tram "^voxmH. ' It la iliLel^r that the chfld who achieves 1.. 
rcadlii^ ha*» actiulred aixch eui aiilto^e^ perhaps aa a rcault of jjciierai 
expejrleiAce^ but iuaort>c even tx partlai coilsequeiice of his experieace l^i 
reading. iiila would it.ecm to be a piauiiilbie fiu^efi*tioii^ coi*al dei lii^j ti.c , 
that the Aeadlu^ pru..eaft{ ^-^/^vlJicii euflple opportunity Tor acii^UxJifies tbc 




heurist^cs^ecessary Jor processing. ]^atterned infonnation. Vernon (1971) 
makes a similar suggestion, 

Consi^stent with .this possibility are the residts of respective studies 
condtXeted by Gottscha^; Bryden and Rabinovltch (1964) and by Olson (I970l 
In vfaich it was found that the ability to systematically scan a ccmpl< 
visual array .did jiot emerge before age six, the approximate time at wi 
the child begins to learn to read. Thus it is entirely possible that ' ^, 

seme of the skills that are. acquired in learning to read transfer positively 

' - , ^- ■ .- ^ . ' ■ ■ * 
,to performance- in abstracting embedded figures. f 

In any case, reader groxip differences on an embedded fibres test^ 
does not necessarily imply that poor headers are perdeptually deficient \ 
in the sense in vhich this tern) is typically employ^^ that there 'are 

plausible . alternatives to, this interpretation, and, especially since the 
results on which it is based are equivocal. 

While the majority of situdiee evaluating perceptual deficit explanations 
of reading disability have incorporated the assumption that poor readers 
are characterized by djrsfunctlon in visual analysis and synthesis, even 
under optimal stlmxilus conditions, some authors have suggested that 

V 

perceptual deficiency might not always be apparent in such children 
except under stimulus condition$ wMch emphasize speed and economy of 
visual processing . Thus .a few Inves tlj^atluria (e.g*, Doehring, 1968^ KaCz. 
axid Wlcklund, 1971, l^iTd) have compared poor and normal readeru on match- 
to ataiidard tuid visual de«.rch vaska tuidcr tilled ..undl tloxis, rcportiuti tlia. * 
tUe performance of poOr readers was below the level of normal icadcrd tindc. 
«uch conditions. bpaCe does n^t permit a detailed account of each of the&c 
atudica, but It onduid be noLed t,hat their results are aivAlvocul op 
mcthodol^iilcal feroujfkdo. Especially a, r6blematl<; wat* the fact tht*C X.l ala { ui . 



inves;tigations, subjects were compared pn the .h±sh speed scanning qf / • 
letters and words. This, alone^ questions the findings since these / 
materials are known to b4 problematic for poor readers. On the bth^ 
. hand the study /by Doehring (1Q68) also ccanpared these^groiips on the ' 
processif^g of -non-verbal mat^rial^ * However, the reliabilijiy of ' 
Itoehring's results are in .doubt because poor and^ nonnalM^aders did not 
consistently differ on these measures, or for that matter on many of 

, the verbal measures presented. ^ • - 

• ' • ' *■ - - < *^ 

A second problem which charac|ieri2ed these investigatiorfs^ inheres 

in their use of traditio^ visual matching and-visual search paradigms, 

j^hich, as pointed out earlier, confound perceptual with memorial factors. 

This was particularly true of the Doehring (I968) study, which often" 

<; involved visvial search for*" a target ai^ong a very large"^ number of 

distractorsr^ Efficient feature detection in such instances would 

necessarily require the rapid coding of the featural characteristics of 

jtarget or standard stimul\is, which obviously entails more complicated ^ 

cognitive processing than does siii5)le form matching. 

This brings me to the third iriethodplogicaa, problem in the studies in 

question, and that is that they did not ^attempt to control for tKe 

^^ssibllity of reader differences in verbal encoding abiiity. Siiice 

the tasks employed in tl^&^ studies ^m^i^ have involved \^lsueil m^or^y tt§ wel 

visual dlscr;unination, aa noted abov>^^ dyBj[;mictlon lu the ^ynthe^izin^ 

and codings of vlsuaJ atiiuiUi mzi^ h^v^e ai^^yiirAecl for yx^its^iuia^i^e deficiti* 

in poor readcxs, rather than jjirceptii<il dlaordex^ 

A number of studies which compared dyslexic uiA.a . .i^u a^^.i.,^ 

aii^iitiy on vWlt> I inciiioi-y axe ..haractcx jiz.ed by £Simli..x dlff Acul t lea 1 

Specifically, to a aeries inveatl^a W4oMia ..cdu^tea lyic and G^^^tn 




(lorle, 1968; Goyen and Lyle, 1971a, 1971b, 1973;. Lyle and Goyen, 1975). 
In. these investigations, dyslexics between the •ages Of six and nine years 
Here found: to be less proficient than noxmal readers on short tern visual 
metaory for both verbal and nod-verbal material presented in match to 
st^dard formats and involving both immediate and delayed recognition. 
The 'authors generally inferred from these iWlts that poor readers are ^ 
characterized by perceptual deficiencies. Yet\they"^^ ccjmtrol^for 
possible confounding by virtue of reader group diJPferences in I verbal 
encoding ability, as in the studies discussed above. \That this may be 
a problematic aspect of their findings i's suggested in o^er results 
obtained by these same authors* 

Briefly I^rle and Gcyen (1969) found no substantial dlff^ences • 
.between pH$^ and normal readers on a measure of spatial rea^onk^ ^ 
(Block Design subtest from the WISC), using the same sxibjects 
maxill^ested difficulty on a memory for designs test in the study, reported^ 
by Lyle '(1968). These findings belie the perceptual deficit interpi^tation . 
of reader group differences on tests of visual memory observed ^ii) th^ 
other studies reported by these authors, cuid provide Indirect support \for the 
possibility of verbal coding deficit as the Source or these differenced. This 
suggestion is reinforced by the results of jret another investigation bylthese 
authors (Goyen and Lyle, 1971b), in which it was found that poor and normal / 
readers did not differ on a measure of visual association learning. The 
latter- finding obviously implies that the groxips did not differ either In 
visual perception or visual long term memory. We 'will present results 
below which are consonarxt with this finding. 

Finally, we indicate earlier that a relatively «ew version of the 
perceptuiai. deficit explanation of reading disahility has appeared in the 
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literature suggesting thai; poor readers are deficient in "perceiving" 

tMe redundancies in the spatial location of th6 letters in 

a^gUsh words, but have no difficulty ip perceiving their shapes, contrary 

to the more traditional point of view (Mason, 1975; Mason and Kktz, 1976). 

In support of this hypothesis. Mason and Katz (1976) demonstrated that 

poor readers took longer than jaonnal readers In locating IBM characters 

■ • • < 

In a spatially redundant array, but did not differ In detecting spatial 

location in non redundant' arrays employing the same characters. Because 

this difficulty was manifested with both alphabetic (Mason, 1975) and 

non-alphabetic material (Mason and Katz, 1976), the authors concluded 

that the prol^lem Djay transcend the partic\ilar relationships involved in 

leamlng^to read; and further, that the ability to perceive the spatial 

locations of letters,' and the ability to perceive their shapes may be 

mediated by^ different brain regions (Mason ^and Katz, 1976, p. 3^7). 

In my opinion t^i5 latter day version of the perceptual deficit ' ' 

theory of ^j^lexla is not very compelling. While there is little doiibt 

that poor readers do not acquire the degree of sensitivity to ortho^^ap^iic 

redundancies characteristic of normal readers, there is no reason to equatd 

such difficulty with central nervous system dysfunction. It would seem more 

to the point to suggest that the failure to become aware of letters in 

recurrent spatial locations is a consequence rather than a cause of reading 

.... ^ , 

disability, which obviously implies that the disorder has a different 
origin. Purthennore, the fact that poor readers manifested inefficiency 
in malrlng use of spatial redundancy with non-alphabetic as well as ' 
alphabetic material, does not necessarily support the authors* theory, 
because the development of the disposition to search for invariange, and 
^ the acquisition of efficient strategies for doing so, may" be a by-product 



EKLC 



of successful reading, vhich transfers positively to the processing of 
non-alphabetic material. Indeed, Mason (1975) herself produces evidence 
that poor readers are characterized by a "plodding" left-right approach 
to the processing of letters in both words and pseudo-vords, vhlle nonnal 
readers seem more disposed to parallel processing of such material, Ity 
point should be obvious, given that the probability of discovering and 
making effective use of spatial redundancy would seem to be greater when 
items in a given array are processed in parallel Vather than serially. 
Thus in my dgjinion, the theory at issue is highly questionable, and clearly 
does not rest on a firm foundation. 

It should be apparent from the above review, that empirical evidenck 
in siqiport of the visual deficit theories of reading disability available 
•in the literature is, at best tenuous. Those " studies which have attempted 
to validate such theorie< are characterized, by saznpllng, me1?hodological, ' 
and/or interpretive prob]|ems, aiid therefore do not make a convincing case 
for the theoretical position they were designed to evaluate. However, 
the more basic problem, as I indicated earlier, is that the theories 
themselves are ill-founded. To reiterate the major contention; it is my 
belief that reading is primarily a linguistic skill and tl^t the demands 
iq)On the visual system are not nearly as great in reading as the demands 
t5)on the various canponents of language,. This would lead to the expectation 
that visual discrimination i)roblems would account for a relatively small 
amount of the diffictilty encountered by poor readers, and t;hat such 
difficulty could itseif be considered a secondary manifestation of more 
basic problems in verbal encoding. Indeed, as noted earlier there is reason 
to believe" (libeiman et al,, 1971) that apparent spatial configuration 
errors (e,g,, calling b d or was saw ) are, in facif, naming and 



labeling errors caused by t^e xixlavai lability or inaccessibility of verbal 
Infoimation* These contingencies generate the specific prediction that 
poor readers would be no different than nomals, on measures of visual 
e^^coding, if the effpcts of verbal encoding vere controlled. A second 
prediction issuing fjrcm this point of view is that poor readers vould be 
differentiated frcm normal readers on various measxires of 
Ijiut not on measures involving non-verbal processing. 

Th<5^ above hypotheses were tested in a series of studies conducted by 
my colleague^ and I, systematically assessing (l) the influence^ of verbal ^ 
mediation on visual memory in poor and normal readers, and (2) group 
diff erdtices on* measures of verbal and non-verbal learning. Three general 
. research: strategies were employed. One approach involved campafisdns of / 
^ reader groups on short term visual recall of letters, words and designs, 
when instructions to subjects were varied to facilitate attendance, either 
. to th^ visual or Verbal features of ^those st^pnill. It was anticipated 
^ that 'the pooB readers votjM^%§rf ojan, as well as tjie: nbnaal re^iders^ on .the 

as viell as tite n6^1^L^^^ pf particular 

items. . TWs prediction'wa^Jtoi^lb^'.^^^^^^ (i97l) contention that 

the featural attributes of 'i^^W kr^ B.^ sequentially, and ' , . 

hierarchically, attendance to one attribute (i.e., graphic features) 
acnentarlly precluding attendance to the others (i.e., semantic, syntactic, 
and ptionologic). 

A second approach was to compare disabled an4 non-disabled readers on 

measures of short and long term visual memory, employing a novel orthography 

to Qontrol for previous experience with letters and words. Poor and normal 
« 

readers ^o had no experience with the orthography, were, contrasted with a 



verbal processing. 
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group of normal readers yho were familiar vith the orthographic and 
linguistic, ccmponents of the stimuli presented. It was predicted that 
the performance of children who were unftaiili^r with the types of 
•Iflmulns words presented would not differ, and that -^hese children would 
not perform as well as those who were- acquainted with such words. 

A third approach involved the systematic comp?i.rison of dyslexic and 

normal readers on verbal and non-verbal learning tateks invol^ng various 

* '1 
sensory systems, inclnding the visual modality. The expectation was that ' 

the dyslexlcs would be generally ccniparable to/^^ normal readerS' on the 

non-verbal learning tasks, but would be less(profidient than the normals 

on tasks involving a verbal conxj^onent. ' 

Reader grotqps .were co^ared on the differential processing of 'the 

visual and verbal features of printed words in two separate investigations 

Employing ^he first cfpproach outlined above (VeUutinb, Steger and Kandel, 

1972; Vellutino, Smith, Steger and Kaman, 1975). Carefully selected 

' sajsples of severely impaired and noimal readers (ages 7 to llf) were given 
tachistosccpic presentations \>t words , unconnected letters apd numerals * 
each varying in number of items per set (3, If, and 5). They were also 

presented with geometric designs and asked to gra|*ically reproduce or 
copy each of these stimuli from memory. The verhrir^^ifrrr^i 4 (words, 
unconnected letters and numerals ) were presented again .(tachistoscopically), 

but this time subjects were asked to pronounce each of the words which 
appeared, and immediately after, "spell out" their letters in correct order. 
They were also instructed to name the unconnected s^etters ai^ numercls in 
correct order, when these configurations appeared. 

- Figure 1 here - 

In both of these studies, poor readers performed significantly better 
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in the visaal recall of the verbal stimuli, than they did in the naminc 
of those same stimxa'i. Fiorthermore, poor readers performed at a' level 
conparab^e to the normal readers under the graphic .reproduction- condition 
but not under the pronunciation or -naMrig condition. The only exception 
occurred in the casg^ the -poor readers at younger age levels '(? years), 
who did not perform as wqllS^^eir normal reading peer« in copyl ifg 
five letter sets, presumably becajis^il;^ stimuli oegan^o taxj*tf^per 
limits of visual short term memory (Miller, 1 ^0; a.UuUfl 7*19^). On the 
other hand, poor readers at older age levels (ll to 12 years), copied all 
stimulus sets as well as the normal readers at those same age levels, and 
better than the younger children, including those in the normal reader 
grcnip: This was a particularly impressive finding in the case of Lhe * 
vord stimiUi, since the older poor readers could spell out the letters in 
given words^ tetter than the normal readers at -^e younger age levels, in 
spite df the fact that they pronounced those words no better (and in some 
cases worse) than the r^^rmals. This of course is a .Strong bit Of 

evidence that the difficulty poor readers consistently encounter in f 
word decoding is , in the retrieval of the verbal constituents of printed 
vords, and not in the discrimination of their visual features. The 
results can also be taken to mean that the older |oor readers had more ' 
knowledge of the orthographic structures "of -the words presented, than 
did the ^Qp6FlBnd normal readers at younger age levels. 

Put^anol/her way, the data suggest that the visual perception o:a a 
letter or word is not necessarily reflected in 'the labeling and naming of 
these items. More simply, when a child sees a b and calls it d or was and 
calls i% sav,- his 'error|. are not caused by inaccuracy in perceiving these 
stimuld, bijt becaxifie he can't remember their m 
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, Reinforcing "^the above conclixsion is the observcrtion that poor readers 
did not differ fran, normal readers on the reproduction of the gecmetric 
designs. These findings, combined with the resiilts discussed abtfve, 
seriously undernainte the perceptual deficit theory of reading disability. 

The latter conclxision. is even more strongly* supported by the results 
of the second series of studies undertaken in our laboratory,-,ccii5)aring 



dyslexic and nomj^ readers on visual recall df words taken from Hebrew 
(sefe figure 2). * « 

■ M ^ 

Two of the studies in this series (Vellutino, Pruzek, Steger and 
Meshoulam, 1973; Vellutino, Steger, Kaman and DeSetto, I975) evaluated , 
immediate visxial -recall of Hebrew words in poor and normal readers, and a 

third conpared these groups on both ihort and loig term i^cognition ot - 

* . I ^ \ 

unconnected Hebrew letters "(Vellutind, .Steger, DeSetto ^d Phillips, 1975). 

The subjects were poor and nonnal readers (ages 7 to 12) who had no previous 
experience vith Hebrew; and children at the sam4 age and grade levels, who 
werfe^ learning to speak, read and write the langu^e. 

^ - ligure 2 here (^^^J-- ■ ^ 

The experimental task in the ffrst twd studies presented subjects 
with three s four and five letter Hebrew words, each stijarulus being 
^ observed for ^ many seconds as there wte letters in a particular word, 
Subjects'were simply asked to reprc^ee the letters in each word in correct 
order, after the stimulus was tenninated. As predicted, there were no 
substantial differences between impaired and noimal readers on the 
reproduction of the letters in the Hebrew words in proper sequence. However 
neither group performed as well as the children learning Hebrew, except 
for the th 
ccniparable 



tor the three letter words, on ^ch the performance of all groups was 



Of particular interest in these sti&dies, is the observation that the 
poor and normal readers,^ whp had not heen previously acquainted with 
Hebmf, manifested cQmpa^ble .tendencies to scan the stimul\is words in a 
' lcft-ri0it direction. Ihi^ was evident in ^e greater Incidence of J 
omission errors at the right terminal positions of the words, than at ' 
any other location. Especially striking, is the fact that the location 
and number of these errors was in close corrfespondence in poor: and normal 
readers unfamiliar with Hebx^. In contrast, children who we^e learning 
to read Hebrew made most of their emission errorsrit the left terminal 
positions of thfe word stimuli, consistent "with the right-left direction in 
wh4.ch Hebrew letters and words are ordered. These data, are, of course, 
contrary to the view (Ori^qp, 1937; Hermann, 1959) that poor readers are 
unable to establishi a firm directional set because of spatial confusion. 

. Conslfttcait with the above r^ndings are the results of the third study- 
in the series. This particular investigation assessed long tem metnory * 
for unconnected Hebrew letters in reader groaps (Hebrew and nan Hebrew) 
constituted in accoi^d with san5>llng criteria en5)loyed in the first two 
studies in' this series. Subjects *were presented with one, two, and three 
Hebrew letters, and thereafter asked to recognize these same stimuli 
among a group of dlstractors on three separate occasionsV" immediately 
after presmtatlon , twenty four hours later and six mcShths later . Poor 
and nonnal Readers' who were unfamiliar with the Hebr^ letters ptior 
to initial testing, were comparable on the recognition task under all three 
^Iqperimental conditions, ^wever these two groups did not perfonn as well 

as the children acquainted with Hebrew, except for the six-month delay 

» • - * » 

condition on which all groups were equivalent. Especially In^ressive in 

this study was the observation thit a significant (and approximately equal)^ 



^number of children . in each'of thie groups recognized 'a significant ^beyond 
chance) n^ber oT these stimuli, even after six^onths. Thus the raiffee 
vof individual differences in long term visual recognition irt?uld appea^ to ^ 
be no different In poor as ccnqpared with normal readers. 

It should be noted that these findings are Jn, contrast vith those 
obtained in the studies by I^yle and Goyen mentioned earlier, which typically 
employed visual recognition tcusks involving immediate and delayed memory. 
However, in the latter investigations, stimuli were exposed for verjrjjrief 
durations (a^ong the order, of milliseconds), thereby requiring rapid coding* 
of vidbll stimuli for later recollection. But in the present study, 

subjects had ample time to synthesize and visuaUjr encode eaich of the 



fitimulus\sets, and this may have. Wwwnted^ for the disparity in findings. 
Indeed, it is under condition^ characterized by limited tipie for praising' 
that the ability to employ verbal codes has particular utility. We Iwve 
already suggested ihat poor readers have^llffidulty in employing such codes 
^d <tbe point we are making Here should be appaxent. / 

Additional stipport for our, position is provided by studies which 
systematically compared severely impaired and normal readers on measut^s 
Of verbal and non-verbal learning — the thirdyresearch strategy outlined 
abyre. In several related investigations (Stefer^ Vellutino and MeiAoulam, 
1972; Vellntlno, Steger and Pruzek^ I973; Vellutino, Steger, Harding imd 
Phillips, 1975; Vellutino, Harding, Phillips ^d; Steger, 1975; Vellutino,. 
Bentlebr, Phillips, I978), poor readers unifoimly performed below the level 
of normal readers on paired associates learning involving either meaningful 
or nonnneaningful words. Ih contrast, the reader groups were equally adept 
inl^urhlng to associate non-verbal representations. Since ipost of these 
involved visual symbols, we feel confident in c<Jncluding that 



contztusts 



poor readers do not experience any more difficulty than normal readers in • 

visual 'association learning, except insofar as such' learning involves 

verbal processing. ? i ; 

Of special interest, in the present context,! are the formisit and 
, ^ - ^ . , •. \ ' , " 

mdterials enployed in one of the studies in this ^ aeries. The major intent 

of this investigation was to ccrapare the differential performance of poor 

and normal readers (ages 9 - 1&) on' the coding of patterned information ^ 

involving either visual^^verbal paired associates learning, or vlsuai-visual 

association learning. A transfer of training paradigm vas designed to 

simulate the .positive tranSfj*r \irtiich .must inrplicitly occur when the child 

learns to make effective use of grapho-phonemic itievariance, as, for 

ezaznple, when he learns ^at, rat and ran as sight words, and spontaneously 

decodes can . Thus the' initicLl training task paired bi-syllahic nonsense 

words with novel visual symbols, each of the syllables in a given word 

being paired with a different visual symbol (see figure 3). The -transfer ^ ' 

task presented sxibjects with the same universe of syllables and visual 

syaibols presented in ii^tial axsquisition, but in completely different 

combinations. This procedure was meant to be analogous' to the recanibina|;ory 

» * > 

use 6^ the orthographic and phonetic constitutents of words derived from an 

■ ^ .... 

alphab/5t. A visual analogue of this taa[k was designed to evaluate 

generalization learning and pattern codingHn the visual modality, and 

comparably selected subjects were randomly, assigned either to the visual- 

verbal or visxial-visual coding conditions (see figure h). ^ 

- Figures 3 and k here - 

It was found that poor readers d,id not perfora as well as nonnal 

readers on the visuil**verbal coding task, either under the training or 

transfer conditions. However, the groups were equivalent on both vis 
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visual .training ancf transfer. Parthenpore, when individiial variability 
on the visual-verbal training scores vas held constant, grouj/lttfferences \ 
on transfer became negligibldv- This latter finding suggests thcfct the 
^difficulty encountered by poor readers in learning to genercLlize visual-verbal 
relationships, is related to more basic dysfunction in initial acquisitic 
of such relationships and yiot to deficiency in processing patterned 
infoa^nation. Thus, the differential performance of the poor readers on 
the major stimulus conditions involved in the study obviously implies ' 
that such children sustaih no basio disorder in visual pattem c(^ng; 
and further, that they experience significant difficxilty in acquiring 'T* 
coded relationships that involve the processing of linguistic stimuli. 

In my opinion, the results of this study, of all we have conducted, 
represent the most convincing bit of evidence that reading disability is 
not caxised.by deficiencies in visual perception and visukl memory, given: 
(1) t^e ecnplexity of th6^ visual processing required o^ subjects in the " \ 

' " / ' C ' ' ' ' ■ . ^ ■ ' ■■. ^ ■ 

study, (2-) the nature of the tasks enjoyed, particularly insofar as they 
involved the acquisition of categorical relationships and not simply rote"^ 
learning, and. (3) the random assignment of poor and noimal readers to 
visual and visvhl -verbal learning conditions, on which they performed 
differentially. Indeed, these* data coupled with the resxilts of the other 
studies conducted in ouor laboratory, strongly contraindicate visual deficit ' 
theoriea of reading disability; and, as important", constitute both direct 
and indirect sv^ort for our contention that this difficulty is caused 
either by deficiencies in various aspects of linguistic functioning, or by a 
specific disorder in visual-verbal association learning. I have dispussed 
these latter possibilities in greater detail elsewhere (Vellutino, 1977, 
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Vellutino, in '^^JTand Dr. Perfetti specificbly addresses the , \^ 

relationship between vferbal encoding and reading, disability at this 
conference. Sirffice to say for present purposes that recent studies have 
provided evidence that lading problems in otherwise capable children 
maybe associated with select Impaiiments in semantic, syntactic and 
phonologic processing. Implicating respective deficiencies in such ' ' . 
Important abilities as knowledge of wordsy word storage and retrteval, ' 
conprehension. Of various syntactic constructions, verbal doncept formation,- ' 
phonetic mcoding of both verbal and non;-verbal material, verbal fluency 
ank^ii^ressive language in general • 

^Speciflc^sorder in visual-verbal integration may constitute a 
qplalitatively different source of reading disability, characterUed by • ^ 

a circumscribed dysfunction in the cross-referencing of visual and' 
linguistic infonn^tion. Such difficulty could ^eoretically occur, eith^^ 
befe^Ufle of dysfunction in .the flow, of infprmation between the henifipheres, ^ 
or because of a disruption' in the transduction of visual and verbal 
information within the* hemisphere which primarily supports language* The 
• results of ^^he paired ' associates studies referenced above ypald be consisteirfc 
' with either of thes^ possibilities, but the distinction between them, and ' 
their respective utility as viable explanationTs of reading disability is 
dependent upon future research* 

In any event, the study of verbal processing deficits in poor readers 
is in its infancy, but initial research restdts appear to be promising 
and continued exploration of this problem area is certainly worthwhile. 
Suininajy . ^ , 

The present paper addressed the popular view that dyslexia or specific* 
reading disability, is caused by dysfunction in visual perception, and 



visual mfemory, presumably associated with* developmental difficulties of 
basic constitutional origin. Si^cifl'c reading disability can be found to 
occur 'IS children \iho are noimal in other respects — that is, those -who 

sustain severe reading imj^aiiment in spite of average or above^average 

^ ^ : ' ' 

intelllgenc^thtat, absence of gross sensory, physical, neurological, or 

' n I - * .> ^ 

emotional and social, disorder, socio-cultural aclvantiagif, and adequate 
• , opportunity for learning. Reading disorder in children^ of this . 
-description has been most often ascribed to deficient form' perception, 
spatial and directional confusion, aAd dysl\inction in figiire-ground 
perception, HbTOvap, seme :investigators have more recently suggq/sted 
that poor readep sil^taln Jferceptual abnonnalities of other 'types, 
citing specific ancm^^^es in the speed vith \rtiich/ffuch children "process 
visual information, the dtiration of _t^e ^visual after ima^e, ,find the 
ability to "perceive" and make -use of the redundancies inherent in Eilglish 
orthography*. Studies testing hypotheses .concerned with each' of these 
^respective problem areas have^typically en5>lqyed figure-drawing, v(s\jal 
matching and figure-ground tests to evaluate ^ given functions, in addition 
to visual search tas^ff ccnqparing-poor^and ijoimal readers on both speed and 

- -v r ' 

accuracy of processing. . 

* ' • ' ... . ' " \ / 

The results of most of these studies were equivocal and inconclusivd \ 

owing to san5)ling, methodological and interpretive problems.. Mfemy failed- 
to control for reader group differences in previous experieatee and/or 
^deflciencj.es in specific functions such as verbal or motor skills, and - 
most employed procedures which confounded discrdfeiination with short tenn 
memory processes. 9 

And while virtually all perceptual" deficit theories of reading 
disability implicate diysfunction in the initial or sensory storage stage 



of vistial information processing (i.e., durinc the fir^ 300 milliseconds) 
ofay a few investigations have "evaluated these theories emplp^lng procedures 
which directly assess initial stage ''proces'sing. The results of these 
studies irere conflicting, but the majority' of those .conducted yielded no * 
substantial evidence that POor readers differ froni i^rmal leaders in analysis 
and synthesis of visual forms. ' »/ ' 

The more reSent .suggestion of some authoi^^ thaitpqor, readers sustain 
.a specif ib deficiency in "perc^iv'ing" spatial j-edundipcpwas rejected on 
interpretive .grounds,\aiid it was' concluded that the evidence siipportiiig the 
visual deficit theories, of reading disability vhich h^ve appealed ih the 
literatTire is not ccnrpelling. . . * •' ' 

^ Howevep^the strongest contraindication to these theories emerg4s in 
. a seri^ o^" studies_^ conducted in" our- own laboratory yhicfi uniformly found' 
no differences between poor and normal readers on tests of short and long 
"term visual memory, when the effects of yerbal mediation were minimized. 
Poor readers also performed as wfell as normal readers bn a variety o^\^ ' 
non-verbal learning tasks which, in some instances, involved only- visual 
.stimuli. In contrast, they consistently performed below the level of' 
normal rea^^ers on tasks which-iirt^ved a verbal component. • These data 
constitute strong evidence, that reading disability is not associated with 
dysfunction in visual processing, instead they support the contention that 
the disorder is oaused either by dysfunction in one or more aspects of 
linguistic functioning, or by specific impairment ^ in v^sual-yertal learning. 
In fact oiff own findings, the results of several/studies which have recently 
appeared in the literaiture evaluating verbal functioning in poor readers,, and 
the nature of the reading process itself, has l^d me to brieve' that continued 
exploration of verb^ deficit explanations of dyslexia' con^itute the most 
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promising .avenue for additional study "of reading 'problpjns in young 
children; etpd, further, that visual def ic^;t^h$ories of reading disability 
' yiU ultimately be discarded. /> / \ T 
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Footnotes . ' 

1 ' ' ^ 

This paper was supported in part by Grant Ko- IROIHDO9658OI awarded by 

i » ^ 

the National Institute of Child Health and Human Developnent, Department of 
Health, Education and Welfare, and Grant No. G00T60i;369 awarded by the Bureau 
of Education for the Handicapped, Department of Health, |:ducation and v;elfa^e 
U.; S. Office of Education. The ^.deas presented herein are discussed in 
greater depth in a forthcoming book written by the author entitled. Dyslexia : 
Theory and Research , to be published by the Massachusetts Institute of 



Technology Press. 

2 ' ^ ' ' ' ^ ^ 

The terms dyslexia and specific readinp^ dig/ability are employed herein 

because of their widespread use in reference to cMldren vith severe \^eading 

inrpairment ,who . are apparently normal ip other respects. They are therefore 

intended to refer only to children of thia description. In this paper such 

rubrics as ; "dyslexia, " "specific reading disability," "reading disability," 

"poor^reader" and li^e terras are used interchangeably. 

We can reinforce the above conclusions* by pointing out that the poor 
readers in the Mason and Katz (19T6) "study differed only on latency measures 
and not on the accuracy with v/h^ they located target stimuli. Furthermore, 
'the studies referenced did not Control for , Intelligence and other excl vibipimxy 
variables ,aor did they e:aJioy atrlngejut ttcliievcmeat criteria. Tiiua , ihcir 
results can also be qucallonea oii ttie^ibasis InindcquttClea lii aciirpllii^^ 

A study re^ciiLiy comjj^etod in oui iaboraloi-y (VeMlutliiu bciilicy ai. i 

hUllilpi,, li^Tti) in fact evaiaatca the p«>a£.i bii 1 ty ihai itr^idln^ dl:=aL^iiUy 



may/be. aa=>oc^\fr^ with djfi5 lunc tl la luLcrheialDpi.crlc Lrausiui obi uu . Cuic 

r 

Uy Selected S^uaplfcci of .pooi and iiOiUAttl rcadcia (aLiaClXlcd at ^rau^a J. 

and UVArerc j^lveu unUaLcial rieiJt ^.i cocntaLlOi.n ..i novel vla>*tti aLUiUli^ 
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deficit (e:}q)lanation of. coding and (Jecoding problems generates the prediction 
that the reader groups ^uld be differentiated pnly on left visual field 

(right hemisphere) presen^ia'tibns . Contrary to this prediction the groups 

^ '% ' ' ' . , , 

differed on both visual field j)resentations, suggesting the possibility of ' 

left hemisphere or linguistic dysfunction as the cause of l^hese differences 

that is, given that the subjects' responses vere verbal and were therefc^re 

processed by the hemisphere-supporting language. However, because these ^ 

results hav| not yet been replicated, and given the fact that tests of ). 

this hyppthesis are at, a seminal stage,' ve prefer to adopt aj conservative 

positiai^ and suggest that a transmission deficit^ explanation of reading 

•disorder may yet be viable. 
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